Abstract: The aim of this study was to determine the enzymatic activity (dehydrogenase and urease) in trophically diverse Brunic Arenosols and Cambisols. Efforts to establish the relationship between enzymatic activity and physico-chemical properties of various subtypes of Brunic Arenosols and Cambisols were attempted. Another aim was to determine the effect of vegetation on the properties of soil surface levels. The study was conducted on 94 plots located in nature reserves and national parks in the Polish lowland area. Dehydrogenase activity and urease showed large variations in the subtypes of the distinguished Brunic Arenosols and Cambisols. Dehydrogenases and urease activity in surface layers of fresh humus of Cambisols and Brunic Arenosols was strongly associated with the plants. This is confirmed by the relationship between the enzymatic activity and the type of accumulated humus substances, the ratio of carbon to nitrogen and humus horizons reaction.
INTRODUCTION
Brunic Arenosols and Cambisols dominating in Polish forests are covered with forest stands of different species composition. Brunic Arenosols underlie the substrate of different habitats depending on the parent material from which they developed and specific physico-chemical properties. The same situation applies to Cambisols. In the case of the Cambisols the parent materials are mostly boulder clays , silts of various origins, loess, weathered sandstone and shale of different origins. Brunic Arenosols are associated with decalcificated sands (Classification of Polish Forest Soils, 2000) .
The aim of this study was to compare the bio-physico-chemical properties of different subtypes of Brunic Arenosols and Cambisols. The relationship between physicochemical properties and enzymatic activity of soils was searched for. Attempts were made to determine the effect of vegetation on the properties of soil surface horizons.
MATERIAL AND METHODS
The study was conducted in 94 areas, located in nature reserves and national parks of Polish lowland area. The material consists of different subtypes of forest Brunic Arenosols and Cambisols: Hyperdystric Cambisols (BRk) 9 plots, Eutric Cambisols (BRw) 2 plots, Epidystric Cambisols (BRwy) 11 plots and Albic Brunic Arenosols (RDb) 22 plots, Cambic Brunic Arenosls (RDbr) 26 plots and Haplic Brunic Arenosols (RDw) 24 plots. From the surface horizons the samples were taken in order to mark the basic soil properties. In the samples pH with the potentiometric method (in water and 1M KCl), total nitrogen content and organic carbon content with LECO aparatus, including calculation of C/N ratio, the content of alkaline cations in 1M ammonium acetate (ICP-OES apparatus) and available phosphorus with the Bray-Kurtz method were determined. The plant habitats were classified in the forest on the basis of structure and composition of species (Matuszkiewicz, 2001 ). For the determination of enzyme activity the fresh samples of natural moisture were collected. The average samples made for an mixed sample of soil from the pit and four seats around it. The enzyme activity was determined at the first horizon of soil covered with litter, which had the humus form (Ofh) or mineral humus horizon (A). Depending on the type of soil humus Brunic Arenosols were divided into two groups which were analyzed separately. The first includes the profile of the surface organic horizon (Ofh), the second group consisted of surface mineral humus horizon (A). Dehydrogenase activity was determined with Lenhards method according to the Casida procedure (1964) . Urease activity was determined with the use of the method Tabatabai and Bremner (1972 in: Alef and Nannipieri, 1995) 
RESULTS
Albic Brunic Arenosols were formed mainly from glacial sands less often from aeolian and boulder sands. Among the parent materials of Haplic Brunic Arenosols and Cambic Brunic Arenosols dominated boulder sand and glacial sands. The sands and boulder clays, silts and loess formed the bedrock of Hyperdystric Cambisols were formed. Eutric Cambisols were formed from sands on boulder clays and alluvial deposits. In the case of Epidystric Cambisols the bedrock was formed from glacial sands on boulder clays, sands and boulder clays and loess. Type of forest humus, which is formed in the analyzed Brunic Arenosols is associated with the plant communities that grow on the of defined soil. The humus horizon develops in the absolute majority of cases in fresh coniferous forests (Leucobryo-Pinetum, PeucedanoPinetum) (Luzulo pilosae-Fagetum, Fago-Quercetum, Calamagrostio arundinaceae-Quercetum) and Potentillo albae-Quercetum. The humus mineral horizon in the mixed coniferous forests directly under the litter was noted occasionally. In Cambic Brunic Arenosols the mull humus was found with similar frequency in each plant community. In Albic Brunic Arenosls that type of humus developed unique in oak-hornbeam forests or poor acidophilous deciduous forests. The Cambisols accompanied mainly deciduous forests. Hyperdystric Cambisols were described in fertile and poor subtypes of oak-hornbeam forests (Tilio-Carpinetum typicum, Tilio-Carpinetum calamagrostietosum) in the fertile lowland beech forests (Galio odorati-Fagetum) and in the poor beech forests (Luzulo pilosae-Fagetum) and also in Potentillo albae-Quercetum, Fago-Quercetum and in a highland area in the Tilio-Carpinetum abietetosum and in upland mixed coniferous forest (Abietetum polonicum). Epidystric Cambisols were covered mainly by Tilio-Crpinetum typicum, Stellario-carpinetum typicum and fertile lowland beech forests (Galio odorati-Fagetum) and Potentillo albae-Quercetum rarely by Tilio-Carpinetum abietetosum and poor beech forests (Luzulo pilosae-Fagetum). Most rarely seen Eutric Cambisols formed sites of floristically rich typical and Tilio-Carpinetum abietetosum.
The described Cambisols and Brunic Arenosols differed in bio-physico-chemical properties in the surface horizon of humus accumulation. The highest pH at this horizon in the case of Cambisols was recorded in the Eutric Cambisols (median pH in H 2 O 5.24), the lowest in the Hyperdystric Cambisols (median pH in H 2 O 4.34). The surface mineral humus horizon of Haplic and Cambic Brunic Arenosols were characterized by the highest pH (median pH in H 2 O 4.48). The surface organic humus horizon of Albic Brunic Arenosls was characterized by the lowest pH (median pH in H 2 O 3.80) ( Table 1 and 2). The described soils showed differences in the content of C, N and the C/N. Eutric Cambisols were characterized by the highest content of carbon and nitrogen in the surface horizon (median content C = 6.36, N = 0.45), and the lowest content was noted in Epidystric Cambisols (median content C = 4.42, N = 0.23). Surface horizons of Eutric Cambisols showed the best rate of decomposition of organic matter which confirms the C/N ratio equals 14. In the case of Brunic Arenosols the lowest average C/N ratio equals 21 occurred in the surface mineral humus horizon in Cambic Brunic Arenosols. The subtypes of Cambisols and Brunic Arenosols clearly differed in base saturation (Vs). Eutric Cambisols were characterized by the highest Vs (Vs = 46%) and Hyperdistric Cambisols were characterized by the lowest Vs (Vs = 12%). In the surface mineral humus horizon of Haplic Brunic Arenosols the highest base saturation (Vs = 17%) and lowest in the Albic Brunic Arenosols (Vs = 5%) were marked.
Using the non-parametric Kruskal-Wallis test a statistically significant difference in the properties of the soils in different subtypes was noted. In the case of surface horizons of Cambisols significant differences in the C/N ratio, hydrolytic acidity and exchangeable acidity, the aluminum content, pH in H 2 O and KCl and Ca content (Table 3) were observed. In the surface mineral humus horizon of Brunic Arenosols significant differences in pH in H 2 O and KCl (Table 2) were noted. The highest median of dehydrogenase activity 39.22 mmol TFF·1kg 1 ·h 1 was noted in the surface horizon of Epidystric Cambisols, the lowest in the Eutric Cambisols 29.42 mg mmol TFF·1kg 1 ·h 1 . The highest urease activity was noted in the Eutric Cambisols (median 0.46 mmol N-NH 4 ·1 kg 1 ·h 1 ) and the lowest in the Hyperdystric Cambisols (median 0.28 mmol N-NH 4 ·1kg 1 ·h 1 ) (Table 2). In the case of surface mineral humus horizons of Brunic Arenosols the highest urease activity (median 0.43 mmol N-NH 4 ·1kg 1 ·h 1 ) and dehydrogenase (median 52.16 mg mmol TFF·1kg 1 ·h 1 ) was observed in Cambic Brunic Arenosols, and the lowest activity of the marked enzymes in Albic Brunic Arenosols. In the surface organic horizons of Brunic Arenosols the highest urease activity (median 0.49 mmol N-NH 4 ·1kg 1 ·h 1 ) and dehydrogenase (median 37.64 mmol TFF·1kg 1 ·h 1 ) was observed in Cambic Brunic Arenosols and the lowest activity was marked enzymes in Albic Brunic Arenosols (Table 1) . Non-parametric Kruskal-Wallis test indicates a statistically significant difference in the activity of dehydrogenases between the subtypes of Cambisols (Table 3) .
DISCUSSION
The described soils were characterized by diverse properties of soils. In the surface horizons of Brunic Arenosols and Cambisols statistically significant differences were observed in the physico-chemical and biochemical properties between the subtypes of soils. According to Acosta-Martínez et al. (2007) the enzymatic activity is associated with the parent material from which the soil develops. A similar geological substrate characterized Cambic Brunic Arenosols and Epidystric Cambisols which probably resulted in a similar urease and dehydrogenase activity. Glacial and boulder sands and in the case of Cambisols lying on loam sands, which are parent materials of these soils are a powerful substrate and in deep horizons they may contain carbonates. Soils built from that parent materials accompanied mixed broadleaf forest and broadleaf forest sites. Fertility diagnosis of sites can be possible on the basis of sustainable elements of environmental soil which includes parent material mainly with its abundance (M¹kosa, 1992; M¹kosa et al., 1994) . Lasota (2005) believes that it is impossible to assess the quality of soil ignoring the deeper horizons because they are often a kind of reservoir of nutrients, which also determine the fertility of forest soils. Januszek et al. (2006) evaluated the fertility of Epidystrict Cambisols which were formed by sandstone and shale of Magura flysch leyers and under influence of different plant communities. Based on the research came to the conclusion 
